Slow voltage-dependent block of sodium channels in crayfish nerve by dihydropyrazole insecticides.
Previous current-clamp work has shown that dihydropyrazole insecticides block sodium channels in tonic sensory receptors and in axons depolarized by high K+ external solutions and that hyperpolarization removes the block [Pestic. Sci. 28:389-411 (1990)]. Voltage-clamp studies on internally perfused crayfish giant axons were done to confirm and extend these observations. At -100 mV dihydropyrazoles had little effect on the sodium current, but at more depolarized potentials they blocked it from either face of the membrane. The onset of block following a holding potential change or during wash-in of a dihydropyrazole was very slow, with a time constant of several minutes, and, although block could be removed with a similar time course by hyperpolarization, the effects of the insecticides could not be reversed by prolonged washing. Dihydropyrazoles did not affect delayed rectifier potassium currents in the axon. The voltage-dependent block could be described as a uniform shift of the steady state (slow) sodium inactivation (S infinity) curve in the direction of hyperpolarization, indicative of selective binding to inactivated states of the channel. Using hyperpolarizing prepulses to remove slow inactivation, block of sodium channels by dihydropyrazoles could be measured directly at holding potentials as positive as -50 mV, and it could be demonstrated that block saturated near -70 mV, consistent with a dependence on slow inactivation. The data were fit to a model tha assumes the dihydropyrazole binds to the slow-inactivated state of the channel on a one to one basis. Dissociation constants obtained from this analysis were similar to those obtained from analysis of inhibition of the binding of [benzoyl-2,5-3H]-batrachotoxinin A 20-alpha-benzoate by the same dihydropyrazoles. In axons whose fast or slow inactivation gates had been removed by N-bromoacetamide or trypsin, respectively, dihydropyrazoles still blocked sodium current, indicating that dihydropyrazoles can block the channel as well as enhance the normal slow inactivation process.